The ATPase activity of a membrane fraction from soybean (Glycine max L.) root and callus cells, presumed to be enriched in plasma membrane, has been characterized with respect to ion stimulation, pH requirement, and nudeotide specificity. The Procedures have recently been developed for the isolation of plasma membrane from higher plant cells utilizing differential and isopycnic centrifugation (6). These plasma membrane preparations contain a membrane-associated adenosine triphosphatase (ATPase) which is activated by divalent ions and further stimulated by monovalent ions. The majority of the research to date has been performed on the cereals such as oats (6, 9), barley (13), and corn (8, 10). Callus, originally prepared from soybean hypocotyl tissue, was cultured on semisolid agar containing modified Murashige and Skoog medium (M and S/SV) (17). The cultures were grown in a chamber at 28 ± 1 C under continuous illumination (approximately 7000 lux) provided by a mixture of Growlux WS and cool white lamps. At least 1 month prior to use, the callus was transferred to a dark chamber at room temperature to lower cell Chl content.
Procedures have recently been developed for the isolation of plasma membrane from higher plant cells utilizing differential and isopycnic centrifugation (6) . These plasma membrane preparations contain a membrane-associated adenosine triphosphatase (ATPase) which is activated by divalent ions and further stimulated by monovalent ions. The majority of the research to date has been performed on the cereals such as oats (6, 9) , barley (13) , and corn (8, 10 ).
To our knowledge, the only report of plasma membrane isolation and its associated ATPase from a dicotyledonous plant is that of Robertson et al. (15) . They reported a relatively small ATPase stimulation by K+ at pH 6.5 but did not investigate optimal ionic concentrations or the influence of other ions such as H+, Na+, or Ca2+.
We report the existence of a similar ATPase activity associated with a membrane fraction from soybean, presumed to be enriched in plasma membrane. Although the isolation of plasma membrane from soybean has been reported (5), its associated ATPase(s) has not been previously characterized.
We found considerable ATPase stimulation by K+ (16) . The hot water-insoluble residue was extracted once with 1 ml of methanol-chloroform (2:1, v/v), once with 1 ml of absolute methanol, and the residue collected on Whatman GF/A filters. This residue is equivalent to the "alkali-soluble" plus the "alkali-insoluble" fractions of Van Der Woude et al. (16) . After drying, the filters were counted in a scintillation cocktail containing 0.3 g POPOP and 5 g PPO/l toluene. Boiled protein suspensions, treated in an identical fashion, were used to determine background.
Protein was determined by the procedure of Lowry et al. (12) . The contribution of enzyme protein to reaction absorbance was not significant (6) .
RESULTS

Separation of Membranes from Soybean Root and Callus
Cells. Callus and root preparations gave very similar enzyme distributions and protein profiles on linear sucrose gradients. Both preparations gave a broad peak of ATPase activity at pH 9 and two peaks of ATPase activity at pH 6.5 (Fig. 1A) . The pH 6.5 ATPase activity peaks at 25% (w/w) sucrose and in the 31 to 35% sucrose region. This latter peak of activity at pH 6.5 appears to consist of two overlapping peaks (Fig. 1A) . Increasing centrifugation times to 16 hr produced virtually the same ATPase distribution.
NADH-Cyt c reductase exhibited a peak of activity at approximately 25% sucrose (Fig. 1B) . A high ratio of absorbance at 254/280 nm (280 nm data not shown) was also found at this position on the gradient. Succinate-INT reductase and malate dehydrogenase activities were highest at sucrose densities >39% (Fig. 1B) . A 25% increase in IDPase activity of the 25% sucrose region was found after 4 days at 4 C, over activity at the time of isolation.
L-E a. (Table I) , this portion of the gradient was further investigated as a possible location of plasma membrane. Closer examination of this region showed a 6-fold increase in specific activity of ATP hydrolysis, over that of the crude root homogenate, and a decrease in specific activity of other nucleotide hydrolysis (Table II) . A decrease was also found in the specific activity of hydrolysis of 3-glycerol phosphate (4) and pnitrophenylphosphate at pH 5.5 and 9.5 (6) . The over-all pattern of nucleotide specificity was found to be similar for callus and root preparations (Table II) .
Optimal pH for ATPase Activity. The pH optima for ATPase activity in the presence of 3 mM Mg2+ was 7.5 for root and 7 for callus isolates. Adding 50 mm KCI shifted the optimal pH to 6.5 for isolates from both sources (Fig. 2) .
Ion Requirement of the pH 6.5 ATPase. Magnesium was the preferred divalent cation and had an optimum concentration of 3 mM (Fig. 3 and Table III) . For monovalent ions, a wide range of stimulation was found with K+ salts (Table IV) . Surprisingly, a number of K+ salts which had been found to stimulate Avena plasma membrane ATPase (9) , such as potassium acid phthalate, gave only a slight stimulation with our preparations. In the absence of Mg2+, we found very little stimulation of ATPase activity by KCI (not shown).
For both root and callus preparations, there appears to be no synergism of ATPase stimulation by Na+ and K+ (Fig. 4) . Callus preparations consistently exhibited a slightly greater stimulation with Na+ than with K+, while the reverse was true for root isolates (Fig. 4) .
Glucan Synthetase Activity. Maximal glucan synthetase with 1.5 aM UDP-glucose as the substrate was found at the 25 to 30% sucrose interface; when the substrate was raised to 1 mM, maximal activity was found in the 30 to 34% region of the gradient (Table I) . At low substrate, this enzyme is supposedly a marker for Golgi apparatus and at higher substrate levels a marker for plasma membrane (16) . Glucan synthetase at high substrate and the pH 6.5 ATPase are the only two enzymes we have found, thus far, to be enriched by this isolation procedure in the 30 to 34% sucrose region, over their activity in the crude homogenate.
DISCUSSION
Due to the location of maximal K+ stimulation of ATPase activity and high substrate glucan synthetase activity as well as the similar coenrichment of these enzymes, we speculate that the 30 to 35% sucrose region is the location of the plasma membrane in these isolates. This is somewhat surprising since in both animal and cereal preparations, the plasma membrane is found closer to 38% sucrose (6, 7, 16) . However, Hardin et al. (5) found similar results for plasma membrane from soybean hypocotyl.
The ATPase activity associated with this membrane fraction is activated by Mg2+ and further stimulated by K+ in a manner resembling the ATPase activity in cereal preparations (1, 8) and other dicots (15) ; however, with our preparations, Ca2+ acts as an enzyme activator, (Fig. 3) whereas in Avena and Zea plasma membrane preparations it acts as an enzyme inhibitor (ref. 1 and R. T. Leonard, unpublished) .
Numerous ATPases have been shown to occur in higher plant cells (11) . Further work will therefore be needed to determine the function of this ATPase; we speculate that the enzyme from soybean tissues may be involved in transmembrane fluxes of monovalent ions as has been suggested for the plasma membranes ATPase preparations from the cereals (2) . A problem in evaluating such a hypothesis with our preparations is that the exact monovalent ion stimulation pattern seems as yet unclear.
Finally, we find the ATPase activities from soybean root and callus cells to be similar. It seems doubtful that the slight difference in ATPase stimulation by K+ and Na+ could, in itself, explain any differences in cellular K+ and Na+ content.
